A phytochemical profile of a botanical product (TM) from Iris tenax has been produced focused on flavonoids and iridals, leading to a useful fingerprint of the tested extract based on HPLC and NMR data.
The rapid increase in the introduction of new species and novel foods in the botanicals market has led to the urgent call for analytical data in order to determine the actual content of these products. Although in some cases information can be obtained from the literature, this often lacks uniformity and covers a low percentage of the used species.
The genus Iris (Iridaceae) (sword lilies), consisting of 150-300 species, is mainly native to temperate zones of the North Hemisphere. Many species boast economic value, for example I. germanica, I. pseudoacorus and I. florentina. This current work concerns the production of a phytochemical profile for I. tenax, which has recently been introduced in the homeopathic market.
The most prominent constituents of Iris species are flavonoids [1] and iridals. Iridals are mainly monocyclic triterpenoids featuring a homofarnesyl side chain and are characteristic of lipid extracts of various sword lilies [2] . More than 30 iridals have been isolated from Iridaceae species and classified on the basis of hydroxylation and further cyclization [3] . Iridals can also be found as their C-3 fatty acid esters and glycosides [4] .
Iridals are important precursors of irones, the pleasant smelling terpenoids producing the violet fragrance of stored dry rhizomes of certain Iris species important in the perfume industry. However, several medicinal uses have been reported, for example as a strong purgative and emetic in Rhizoma Iridis from I. pseudoacorus, and as a pacifier during teething in I. germanica and I. florentina [2] . Furthermore, rhizome extracts of I. pseudoacorus are prescribed in homeopathic medicine as a soothing remedy for different forms of psychic ailments and hyperacidity of the stomach. I. tenax is also used in homeopathic medicine for the treatment of gastrointestinal pains and gastric reflux.
Previous phytochemical studies of I. tenax were confined to the paper chromatographic determination of flavonoids in the rhizomes [5] . This present study was focused on the phytochemical profile of a mother tincture (TM) of I. tenax, a sword lily native to the Pacific Coast of North America. The TM is commercialized by Boiron ® and obtained by extraction of fresh rhizomes of I. tenax with ethanol 65%, v/v, according to Prèparations homèopathiques (1965) of the French Pharmacopoeia, X ed. [6] . The analysis was based on flavonoids and iridals, since these compounds are considered reliable markers of Iris species. The flavonoids kaempferol, quercetin and saponaretin (= apogenin 6-C-glucoside) were identified in I. tenax TM by HPLC analysis by direct comparison with reference samples. The iridals isoiridogermanal and (6S,10R,11R)-18,19-epoxy-10-deoxyiridal were identified by HPLC comparison with authentic samples, obtained from rhizomes of I. germanica in a previous study [7] [8] [9] . As confirmation, iridals were also separated and analyzed by NMR spectroscopy, leading to the identification of iridobelamal A [7, 10, 11] . Since the NMR fingerprint is a valuable method of identification of botanicals, the 1 H NMR fingerprint of the more studied and used I. germanica was compared with that of I. tenax. Both showed the presence of the same main classes of products, but relevant additional peaks for the first species were observed in the aromatic part, due to the occurrence of several flavonoids, and in the region near to 5 ppm, attributable to additional iridals. Therefore, on the basis of these results, NMR fingerprints can be used to distinguish the two species [12, 13] .
Experimental
Plant material: TM was obtained from Boiron®, as the result of the extraction of fresh rhizomes of I. tenax Douglas ex Lindley with ethanol 65% (v/v). I. germanica L. rhizomes were collected in the Botanical Garden of the University "Sapienza" of Rome, and used to obtain iridal standards, whereas flavonoid standards came from Extrasynthese s.n.c. TM of I. tenax (700 mL) was evaporated to dryness, the residue extracted twice with diethyl ether (100 mL), and the extract evaporated to afford a dense mobile residue (6.7 g); this was separated by CC on Si gel in toluene-EtOAc (9:1), to give pure iridals, identified by HPLC analysis and comparison of physical and spectroscopic data ( 1 H and 13 C NMR) with those in the literature and with authentic samples from I. germanica. NMR analyses were performed using a Bruker AM 400 spectrometer operating at 400 and 100 MHz for 1 H and 13 C NMR, respectively.
HPLC analyses: HPLC measurements were carried out on a Waters 1525 apparatus with a binary pump. Chromatographic data were processed with Breeze 2 software (Waters). Injection volume loop: 20 μL. Stationary phase: Bondapack C18 125A. Flow rate: 1.00 mL min -1 ; UV-VIS detector: 214 nm; elution program: 8 min isocratic, 45% acetonitrile/55% water; 22 min linear gradient to 100 % CH 3 CN; 10 min isocratic 100% CH 3 CN. All assignments were confirmed by co-injection with the standard solutions.
